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A STUDY OF SEASONAL FORECASTING FOR CALIFORNIA BASED ON AN ANALYSIS OF PAST RAINY SEASONS 

By L. E. BLOCHMAN 
[Berkeley, Calif.] 

ST NO PSI9 

A st,iidy in seasonal forecastiiig is liere mitlined 011 t,he tlicory 
that conditions are forming over the Pacific Ocean before the 
rainy season begiiis, a i d  a1si:i tliiring t.he i.ipeiiiiig niwiths, that 
will, when interpreted, i1idic:ite the character I J f  t.he ensuing rain- 
fall season with a high average of probability. 

I have investigated the last 40 seasons (,encling 1924-351 fa-ir pres- 
sure. mid for rainfall as far back as records are avnilai~le. I have 
ascertaiiied that when low-pressure areas enter directly the ceiitrnl 
to suiit81iern California cnast in September or Octoher, t.liere is a 
ten-to-one prolnbility that the ensuing seasmi (for ceiit.rnl and 
sout.herii Califiirnia) will he an average to wet one. 

I have also collected data to shnw that iii Bie s m s m s  in  which 
Sari Diego has above average siininier rains (July,  Aiigiist., or 
Sept,enil>er) the ensuing rainy season will likewise be nrernge to 
wet. with B 90 per cent prolxhi1it.y. 

The forecast. values (.if al)precinble r:%ins iri Ni.~venilwr LLB far 
s i i i i t l i  RS Bniida Barhars is nlsii c.nnsiderei:l. 

The rainfall fi.Jr t.lie sanie sensons in nort.lierii, central, and sonth- 
ern Californin are wniet.inies I,ri.igc,rtiuii:~t,cl?. alike while in &her 
sc'asoirs they arc railicctlly differelit,. Of t.lic! seasuns i i i  yliicli there 
are iro early iiicivement.~ of I.O\VS or iici tiiuniiiier railis at. Snii Diego, 
some are still average tu wet ones. but. .-I1 t.Iw tlrJ- ijr partly dry 
seasons follow such raiiiless simmers. 

?'lie preserd sfa.tu.s of seu.scpal forecasting.-The inves ti- 
gation of seasonal forecasting of rainfall for C!alifornia 
has until recent years been handica ped by lack of suf- 

area are abundant, but it is only since 1922 that we have 
been able to form much idea of conditions over the Pa- 
cific through radio reports. Thanks to the success of 
the San Francisco office of the Weather Bureau in enlist- 
ing the cooperation of steamship companies, data from 
the oceanic area are now being received which will enuhle 
us gradually to improve the basis of our attempts at  
seasonal forecasting for California. This is a subject 
which, owing to it.s economic importance, is well worth 
all the attention any investigator can give to it. 

ficient. data. Weather Bureau recor s s for the continental 

Though seasonal forecasting is a baffling sub'ect, it  is 

years studied the niovements and intensities of the mon- 
soons as aflecting and forecasting the rainfall of India a few 
months in advance, and their efforts have met with con- 
siderable success. For southern Califurnia, McEwen 
has investioated the relation between the water tem- 
Jeratures ofE the coast in summer and the rainfall of the 

rollowing rainy season. His method has so far produced 
very encouraging results. But we are still in the pioneer 
stage of long-range forecastino, and conclusiqns must be 
accepted tentat.ively and he13 open to revision as data 
accumulates. 

Thec divisions of the State -for ru.infall.-This State is 
so gmerally considered as northern and. southern Cali- 
fornia that meteorologists havo fallen into the same 
habit. I believe, however, that it  is niuch more accuratc 
to divide it into three sections, northern, central, and 
suut,hern. Even t,his deniarcation is somewhat vague ; 
however, as nearly as seemed practicable, ,I have drawn 
t,he lines of division as follows: A line from northern 
Marin County to the city of Marysville would divide 
the northern from the central section, and a line from 
the coast a t  Monterey across to Merced would mark 
the division between central and southern California. 
Our niain discussion will relate to tho central and southern 
California sections. The dry rcgion everywhere east of 
the Sierra is climatically a lw~~ys  in a scparate class. 
In rcferriiig to rainy seasons they are always under- 

stood on the Pacific cotlst to begin with July 1 and to 
end with June 30. East of the Rockies the season agrees 
with the calendar yew. As to the kinds of rainy seasons, 
I divide thcm into four types and consider that any 
further division w ) u l t l  hr impritctivable. It becomes 

not hopeless. The Indian meteorologists have 1 or many 
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Norm:il or above-.---. 
Normal or obovr _ _ _ _ _ _  
Noriiial or shove.. _ _ _ _  
h1orler:itelg dry-.----- 
Nnrui.il lJr nbnvr _ _ _ _ _ _  

nec,essary dso  to estmd the range of tlie rainfalls which 
shall be considered as nvera.ge for t,he season, and which 
slioulcl he limited on t.he one haid by rainier seasons and 
on the ot,lirr l y  the drier. Espressecl in ercentages of 

WET seasons range upward from 120 per cent of 
normal. 

AVERAGE seasons range froiii SO to 120 per cent of 
normal. 

MODERATELY DRY seasons range from 60 to SO por 
cent of normal. 

VERY DRY seasons range from 60 per cent of nornitil 
down. 

Although tlie Weather Bureau classifies the depressions 
which enter the United St.at.es as Nort>li Pacific LOMS 
and South Pacific LOWS according to wlie ther they come 
on shore north or south of 1at.itucle do', I have, for t.lw 
urpose of this study, considered 43' as t.lle dividing 

[ne, because the entrance of ,_epteniber 4 LOWS north or 
south of this line seems so clearly related to tlie c1iara.ct.c.r 
of the ensuing rainy season in central and southern 
California. 

The torecast .value qf Septein bcr Lows.-In some sea.sons 
in California rains begin in September; ancl while tho 
September rainfall for central Califorilia averawes 01115- 
about 0.35 inch, in. cerbain sonsons it  is much 7icarirr. 
From the point of mew of forecasting, however, I t  malics 
no difference as to the amount of the rainfall-its s o w w  
is the factor for consideration. Prof. A. J. Henry lins 
pointed out that "Our prec.ipitation in California is 
great or small acc.ording as to whether areas of low 
pressure enter the continent and move eastward in low 
or hi h latitudes." 

uestion in California whether 
heavy September rains, I e ing  premnturq, were not in- 
dicative of an unfavorable ensuing rainy season. I 
therefore made a chart of the exact location where all of 

the normal sea.w~n.1 rainfall they are a.s fol P ows: 

I t s a s  been a moot 

The approximatme points of entrance of Se t,ember 
LOWS since 1583 onto the Coast is shown in Gable 1 
together with tlie character of the subsequent rainfall 
season for cent.ra1 and southern California. 

I sunimarize niy investmigation of Sept,eniber LOWS ns 
follows: 

1. Lows entering north of latitude 43' were followed 
b any of the several types of seasons, but they yr t .crdd  

2. Lows enteriw south of latitude 43' were almost 
never followed b h e  very dry seasons; a very few were 

south of Cape Mendocino were almost invaria.bly followd 
in sout,hern California by normal or wet seasons. 

a 9 1 the drier sca8ons. 

of the moderatey T dry type. September LOWS entering 

. . 

1 Henry, A .  J., Seasonal forerasting of preclpltatlon on the Pacl5e Coast, Mo. Wra- 
Rev., Aprll1921, p. ?Id. 

Normal or abovo. 
Normal or above. 
Norrllal or abovr. 
hfoderately dry. 
Normal or abov~.  

TABLE 1.-Character of the raitiy scaxow i n  cenfral and southern 
California following the  occitrrencc of LOWS on the Pacijc Coast 
between Vancoiuier Islaud and Lower California i n  Septenrber 

Nornid or nhovr _ _ _ _ _  - 
Far above norm d..... 
Normal or above.. . . . . 
Normal or above.. .___ 
Normal or :ilnwe.. .. . . 

I I  LOW^ 1 Character of thr ensuing season in California 

NO IN^ or above. 
Far above normal. 
Moderately dry. 
Modrrately dry. 
Mod. dry to very dry. 

oc- i 
I Latitudes at which LOTS ::$ 

entered the coast ternbe, 

Normnl ur :il*ove ...... 
Normal or aliove. ..___ 
Normal or nbow-..-.- 
Moderatrly dry- __. _ _ _  

of the 
year 

. . .- ._ .. __ .. . . - - 

Normal or abore. 
Normal or above. 
Normal or above. 
Moderatcly dry. 

1F.M 
1885 
1SW 

lS9l(S 
1SWP 

183 (2 
1SM (2 
1S9i 
1F.W 
1902 
1W 

lM5 (? 
1'Wi 
lYl? 
1Y13 
1814 
10'20 

41'' to 4S0 N _ _ _ _ _ _  _ _ I  
I N O 1  
I 1Y03 

Normal or above _ _ _ _ _ _  
Moderately dry _ _ _ _ _ _ _  

- - 

. - -  . . . . 

Normal or above. 
Normal or above. 

lSSR 
190? 

Approsimntdy 39' N. lYRI 
1909 

I 11919 

Moderately dry-- _ _ _ _ _  
h1odcr:itely dry _ _ _ _ _ _ _  
Noriixil ur ahow.--.-- 

1887 
Approximately 35O N- I 1895 

1!110 

Normal or above. 
Very dry. 
Normal or above. 

I 

Southern i Central 

Moderately dry.. - - ___ I  hIoderately dry. 
Noriiinl or nhuve. .. . __I Normal or above. - 
Far ab&< uor116I-----l Far above normd. 
Norninl or ahow-.----' Modrrately dry. 
Normvl or nhovr.. -. . i Normal or abovc. 
Normd or above.. -.. .I Very dry. 
Normal or abovr.. _ _ _  _ !  Norinal or above. 

Norni:il or above.--.-- Nornid or above. 
Vvry dry _ _ _ _ _ _ _ _ _ _ _ _ _ _  Normd to mod. dry. 
Normal or above.--..- Noiriial to very dry. 
Nurnnl or above _ _ _ _ _ _  I Normal or above. 

stward extension of an interior LIJW. 
ora tvpe storm. 
S. Wlatber Bureau classiflcstion. 

3. Two LOWS in the t,nhle show a westward s readin;, 

nioderat,ely i1r.y t.ype of season. The west.erly est,ension 
of LOWS at this t.ime of year is evidently not favornlh 
to 

redoniinatc, 

cluded in t,he Unit,ed St,ates Weather Bureau weather 
map, cominu into t.he United St.ntes east of the Rockics 
in t.he usuaf course. But it. must be borne in niin(l 
t,liat. September is st.il1 a summer-type nioiith in Cnli- 
fornia and few South Pacific LOWS are to he espect.ect. 
There are only 14 seasons out of the past -40 years that, 
have LOWS entering south of lst.it,ucle 43' in September. 
They are: 1833, 1SS7, ISSS, lSS9, 1900, 1901, 1002, 
1903, 1904, 19OS, 1909, 1910, 1916, 1931. Of t.he LOWS 
4 entered between Cn e Blanco and Cape Mendicino. 
Two of t,liem, those 07 1SS3 ancl 1SS9, preceded very 
wet seasons; the one in 1903 prccecled a full ayeraze 
senson cent,rally, hut t,he season was p:irt.ly dry in t.he 
south. This Inst, one is the only season out of the 1-4 
that was dry for southern Cnlifornia. The rest of the 
seasons preceded by LOWS entering south of Cape Men- 
docino were all nvernge t.o wet in southern Calif,>rnin. 

or extension in Sept.eniber, and were €ollowe c? by t.lie 

some of them entering well to t,he north o P t,he area in- 

recipit-ation in cent.ra1 and sout,liern Califomin. 
September the North Pacific LOWS 
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Considering, lmwever, all LOWS ent.ering south of latitude 
43O, 13 out of 14, or 86 er cent, preceded a.verage to 
wet seasons in southern 8 alifornia. and of such seasons 
ahout t.he same number, though differently distributed, 
followed in centrd California. Nonc of these LOWS, on 
the otlier hand, preceded very dry seasons, which is a 
frwt well worth consid erinq 

Tltr. jbrccast ~vcihcs qf’ liapli crnd lou, prf.wii.ri~ a.rra*q sf’ 
0ctnbrr.-During the summer nionths of .July, i t ups t ,  
and September there is very 1i t .h  chanue in the hgh- 
pressure conditions along the coast. ~ L r e  is, almost 
continuously, a high pressure over t,he ocean west of 
Wnshingt,on, Oregon, and northern California. The 
high pressure, which in summer is nearly alm-a.jTj oceanic 
Mer is both the oceanic and the 1a.ncl type. The 
change begins to come in Ocbober, or scmetimes not 
until November; then there is oft.en a radical change 
from the uniforni and rainless oceanic conditions. 

The stendiness of summer conditions gives us, there- 
fore. no inforniat.ion of the coniing winter conditions, 
unless, as remarked, B cyclonic area strikes in during 
Septeiiiber along t,he southern coast,. This occurs only 
ahout one year in three, and at. irregular intervals. 

But. a,s &toher is R nionth of important changes in 
pressure conditions and is scinietinies a rniiiy month, it 
should gire us some int.inia.tions of the ccmditions form- 
ing for the ensuing rainy senson. This is ninnifest8 in 
t.u-o ways: (1)  By the mobility or the sbagnatioii of HIGHS 
over the plat.eau nnd the djacent  ocean: (3) by t,he oc- 
currence of Sout.li Pacific mws in October. 

(1) T h  .mobiZiiy or stagnation of the HIGHS.-Early 
in certa.in seasons there is an accumulation of antic.yc,lonic 
and therefore dry atmosphere in our central ancl sout,liern 
Calif orni ti la ti tu des, es  ten cling well wes tw nr cl over tlie 
ocem and ettstwnrd t.0 the Rockies. This area of high 
harometer sometimes remains stagnant over the plateau 
for a considerable period. If the stagnation increases in 
November, there is a season of below-the-averwe rainfall 
in the making. But if the HIGHS niove rapiay ac.ross, 
this indicates that there is no stragnation foiming west of 
t.he Rockies to prevent :St,ornis coming in from the ocean. 

Normally in winter, lateau HIGHS iiiove on south- 
wnrcl and southeastwarcf They t.lius admit of the en- 
t.rance of the LOWS, which correspondingly become de- 
flected more to the south. But in certain seasons tlGs 
high pressure does not mow normally southward, but 
remains centered in the plat.eau region. For some as 
vct uiiknown came in some wint,ers a descending cold 
ilry at,niosphere seems t.0 come down directly over t,lie 
plateau, or over the ocean, or over both areas, and int.cn- 
sifies this already anticyclonic con& tion. 

Sometimes a North Pacific LOW will be deflected 
southward and begin t.0 disru t this stagnant Great 
Basin HIGH, or the oceanic HIGH, \ut with OnIy temporary 
success. Not unt,il the HIGH clecreasw in its own intensity, 
i. e., not until the barometer falls appreciably in t.hr 
plat.eau itself, can any LOW im inge permanently and 

LGH may begin in October, the peaX in dry seasons is 
not reached until the end of December antl somet.imes 
even in J‘muary. The less it is disrupted during this 
period tbe more pronounced will be the clry season, 
especially in southern California. 
(3) The SOii!h Pac$iic Lows.-Of an opposite con- 

clition to both oc.eanic, and continental HIGHS are the 
\velconie October LOWS. 

Uive rain anywhere near by. 7!? howh this continental 

September on this coast, as previously remarked, is 
baromet,rically R month of t . 1 ~  summer t,y e. mien  
occasionally a rain does fall, it  is only for a c e ay or two, 
after w1uc.h the normal suniiiier t,ype of weather returns 
nncl continues. October is different, but it,s cliarncter 
varies consitlerably in different seasons. It niay show a 
continuation of the tltverage September summer type, it 
may be of t,he rainier type, or it may partake of both 
types. Baronietrically it is a.lso clifferent from Septem- 
b’er. Even if no rain falls, the high ressure ovgr 

seasons. 
I have investigated all the October LOWS for 40 years, 

up to ani1 iiicludin~ the season of 1921-22. This period 
has 15 seasons wit& South Pacific October LOWS 38 per 
cent of the whole. Occurrences of b0t.h September and 
Octobar LOWS in the same season are certain to be fol- 
lowed by an average t.o wet season in either central or 
southern California, without a single esception. There 
is also a strikingly hioh percentage of these sea.sons that 
are quite met in botX central ancl southern California. 
It is aliiiost a certainty (bett,er than a 00 per cent roba- 
hility) that whcn South Pacific LOWS enter south o f Cape 
Menclocino in either Sept.ember or October, the ensuing 
season, es eciallv for southern California, will be average 
to wet. b i i s  iigil ercentqe cloes not hold oocl for 
northern California, R ut  it  does for central Cali f ornia. 

The 15 seasons referred to as having October South 
Pacific LOWS are: 1SS3-84, 1889-90, 189041,  1894-95, 

1909-10,1910-11, 1916-7, 1933-32, ant1 the slightly below- 
avertige season of 1901-3, which wns below average 
only in sout,hcrii California. In some instnnces LOWS 
are not shown on tlic maps, but the are inferable from 

sec.onclary LOWS. After reviewing the daily weather 
charts, I haye proceeded on the assumption that when a 
heavy rain conies in from off t.he coast and the influence 
of the primary LOW is not apparent, this rain is caused by 
a secondary LOW. 
T11 e signifimnctl qt Noveni&r ra,im i.1~ the Sout1k.- 

When, as far south as Santa Barbara, t,hs average or 
nearly tshe average rainfall in November occ.urs, it  
appeals to be indicative of the frcr. niovement of LOWS, 
and, ewe t in a very few instances, average to wet 

The average November rainfall a t  Santa Barbara is 
1.50 inches antl t.he average seasonal rainfall 18.50 inches. 
We may consider an inch as a fair precipitation for 
Novcmber, and note the kind of season ensuing, with 
1 inch and upward of November rains. I have listed 
every sen.son since 1S67, and find t,here are 33 seasons a t  
Sanh Barbara having an inch or more of precipitation in 
Novemhrr. Thcse 33 seasons I have tabulated as 
follows (see Table 2):  The first column contains the 
seasons since 1S67 having a rainfall at  Santa Barbara 
for November of 1 inch or more; the second column 
gives tlie rainfall at  Santa Barbara for the corresponding 
Novembers; the third column <rives the totals of the 
respec.:tive ensuing st.a.sond rainfdl ; the fourth column 
gives in percentage of the avorage rainfall the corre- 
s ondinu scasonal rainfall for southern California. and 
t i e  fiftK column the same information ! for Central 
Cnlifornia, 

the ocean is changing it.s position, especia P ly in c,ert,ain 

1S9G-97, 1900-1901, 1903-3, 1901-5, 1906-7, 1908-9, 

the t,est; especially does this app 9 y to the so-called 

sea.sons fo ’ ?  low. 
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TABLE 2.-Relafion between Noveinbcr rainfall of 1 .inch or more at 
Sarrta Barbara and the rainfull of fhc ens t i i i q  season, at I 5’ anta 
Barbara and .in soicthern California 

Season 

I 1 Santa 
Barbara 

I November 
j rainfall i (inches) 

Santa 
Barbara 
seasonal 
r3inlall 
(inches) 

Percentage of svernge 
seasons1 rainfall 

Southem 
California I 

150 
100 

a i3 
85 
125 
137 
133 
145 
105 
120 
175 
130 
115 
5s 
99 
79 
1 3  
126 
124 
92 
140 
80 
70 

Centra1 
California 2 

167 
91 
1?0 
62 
125 
125 
120 
140 
66 
100 
185 
112 
98 
106 
107 
80 
96 
12s 
116 
EG 
130 
102 
100 

1 These percentages are based on the avernges at the followiug stations: Santa Barbara, 
Los Angeles Ssn Bernardino. Bnnta h1onic;i. Hiversialc, Redlmds, snd Say! Ilipgo, 
the prcenta!ges lor the enrlier years being bascd on the fewer stations then nvnlleble. 

2 Thrse percentngos are based on the avrr:igrs at the lollowing stations: Sau Francisco, 
Sacramento, Marysrille, and Merced, the pcrceutnges prior to 1871-7” being lmsed on 
San Francisco and Sacramento only. 

a 1Y71-72 was a wet season north of Sonts Darbsrs; San Luis Obispo had 2T inches. Snn 
Francisco 31 inches. We have but scant records from south of Snnta Barhar:r fur thcsr 
early years. Los Angeles unofflck11 records give 19 inches, or 76 per cent of normal, but 
as a whole southern California avoragcd 73 per cent only. 

Reviewing this period of 55 years at  Santa Barbara, 
there were, as observed 33 years of f i r  November rnins: 
that is, rains of 1 inch or more. The outstanding facts 
are : 

1.  That though there were quite a number of dry sea- 
sons in southern California during this period, only one 
of them appears in the list shown in the table, tlie season 
of 1599-1900. And this esception, since it had the char- 
acteristic plateau high pressure of the drier seasons? 
can not, be sitid to invalidate the theory of the significance 
of normal November rains with respect to tlie ensuing 
season. In Noveiiibty 1S99 trhe storm that ctwsed t,lie nor- 
mal monthly rainfall at  Santa Barbara n~ns  intense 
enough to d e c t  the southern coast in spite of the plat,eau 
high pressure? the rains being very henvg in the norbli 
and taperin- off rapidly towitrd the south. Eureka had 
the extraorainary m o u n t  of 15 inches, and Stin Diego 
0.35 inch. 

2. Nineteen seii.sons out of the 23 hax-ing norninl or 
over November rainfall had it rninfnll of the itvernge 
amount or more in the ensuing rainy se~ison of southern 
California. 

3. Central California had 32 sensons out of the 23 
with seasonn.1 rainfall of average amount or more, cer- 
tainly a very striking fact. 

To sum up inferences based on records of more thnn 
half a century: the conclusion is that f i r  November 
rains (1 inch or more) as far south as Santa Barbnra 
forecilst, for southern California with R probability of 
83 per cent and for central California o 96 per cent, 
that an average to wet season will follow. That is to say, 
the robability of very drv seasons for southern Califor- 

17 per cent, and for central California but 4 per cent. 
About four-tenths of the seasons of record have been 
preceded by such November rains. If this ratio t,o the 
total number of seaasssons continues :is in tJic pihst,! it would 

nia r ollowing fair November rains tit S:mtn Barb:wa is 

indicate that in somewhttt less than half the years the 
above robnbilities will be applicable. The writ,er wishes 
t,o eni$tisize here that the high probabilities above given 
relabe not at  all to the kind of seasons that have followed 
Santn Bnrbnrn Noveniher rains of less than 1 inch. There 
w e  several cases of iiornid or above nomiill seasonal 
rains following November raJns of less thi111 1 inc.11; 
hence a ‘’ dry ” November niny mean either deficiency 
or excess to come. But, as shown, the “nioderately 
wet” to “wet,” Novembers have been followed in a very 
high percentage of cases by normal or above normal 
sc:i.sonal rains. 

Sun Diego rains as a,n. i d i ca t ion .  of the. rainfall of the 
enstring scnson.-In reviewing the rainfall records of San 
Diego my attention was crtllecl to the fact that San Diego 
occnsionally has noticeable summer (July, August, and 
September) rains when no rains occur elsewhere on the 
coast a t  t,he same time, and that these summer rains 
have no apparent connection with those of Arizona. 

The avera e total rainfall at  Yan Diego for these three 

setisons. These months as is well known, we charw- 
terized hy semipermanent high pressure off the north- 
western coast and by summer or heat LOWS o-ier Arizona. 
The summer rains of S m  Diego seem to he of different 
origin froin t,liose of the int.erior: they come nininlg from 
the southwest.. They seem to inflicate :I more t h n u  
normil intensity of the tropical cyclonic ilotivity over 
t.he Pncific Occnn. These storms :we soniet.inies f irst 
observed dong the Mesicm coast as far south RS Maxiit.- 
Ian (lttt,it.ucle 2Zoj or else CIS coining in diroctly from t,hc 
Pacific south of the thirtieth degree of 1ntit.ucle. 

The great flood season of 1861-62 in California wns 
precetlcd b v  oscxssively henry rains early in t,he seit.st>n 
n t  Sm Diego, when no rain itt all fell north of LOR 
Angeles. Tn October, 1SS3, n very 1ienv.v rain feJl at 
Sin UitIgo in connect.ion wit.li n violent storm t,lint moved 
northc:isi,w-:rril frcmi tho  Giilf of Cn1iforni:t (MONTHLY 
WL~THER R m E W .  Oct,chttr, i s s 3 ,  1). 233), m c l  till? 
ritinf;dl season of I SSS-S-L W’IIS ~ e r y  wet in Iwth cent,r:l.l 
and sout,liern Cnlifornin. Late in Yept.ember, 19’31, it 
rain of 1.65 inches fdl at. Sn.n Diego and wns hardy fell 
:I litt,li? t.o the north. The st.orm trsck map of the month 
( MOSTIILY WEATIIER R E V I ~ V ,  September, 1921), showed 
t.liat. t.his st.orm, of t.lio hurricnne type, wiis first observed 
o pcisite t.he Mcsicnn t,ropical const! nem Mazatlan. I t  

inlsntl near Ynn Dicgo, took 21 northeasterly course. I t  
\vas intense enough to cross the United States nnd pass 
m i  t int.0 the A4thntzic. In t,lie following Deccmber, LOWS 
of  unusunl es tent :i~ppe:~rcd ofl t,he cnnst of southwn 
(.’;&fornix m i l  g:ne  nearly t.wo weeks of rain. Again in 
.72iiiunry and Februnr-y of the sztnio season LOWS entercrl 
sou tliern California wit.11 correspondingly hemy mins. 
The September LOW seemed thus :I forerunner of them zdl. 

At Snn Diego in t,he 72 se:tsnns 1550-51 t.o, 1931-33., 
there have been 21 suniiners with rinfnll for Julv, 
-Iugust? ant1 Sept.ember t,ot.:iIing 0.2 1 inch or over t,hc! 
nverage for all siininiers bein,a 0.24 inch. The rainfall 
of t,liese 31 siininiers is gi\-en 111 T:tlh 3, t,oget.licr with 
the rc!spectire ensuina sensons’ t.otal r:tinfall a t  sis 
stations in sout,licrn diifornia for wliicli long recort~s art: 
n-i--nilnl)lc. 0nl;v t.hc t,errit ory west. of t,lio mou ntnin 
rnnges is consiilereil, since southenstorn Clalifor~~ii~ !NS 
I L  tlescrt climate. Now, r~~ssiiiiiing 0.31 inch to ?)e an 
“ n.ver:age ” suninicr rninfnll at Stin Diego, the t.:hdnt.ion 
RI1~:IwS thilt .  19 sC?iLsl.,;:C: Clllt. o€ the 21 t h t .  Il:Ltl ;l.\-€!r:I~:c? or 
inore t hi i .~ arc.r:~gc S111~ilt.:’ rili11s p ~ ~ ~ ~ l c t l  :~veragc! t1.8 

niont,hs is on 5 y 0.33 inch, clue t.0 the number of rainless 

t r icii moved in ‘11 nc.irt,li\\-est,c.rl~ direction :md, turning 
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1874-75------- .25 ! _ _ _ _ _ _ _ _ _ _  
1875-76 _ _ _ _ _ _ _  .60 I _ _ _ _ _ _ _ _ _ _  
1 W 1  _ _ _ _ _ _ _ I  .41 18.13 
189l?-Ql_~~_~_~ .65 ~ 13. 31; 
l Y O M  .B? ~ 19.Y? 
1905-R ____.___ I .65 I 18.65 
1905-7 _ _ _ _ _ _ _ _  .?2 ’ 19.30 1w?4 _ _ _ _ _ _ _ _  .a: 19.18 
191?-13. ._____ .40 13.45 
19161i _ _  _ _ _ _ _  . i 15.??i 
1919-?0 _ _ _ _ _ _ _ .  .3h I 1?.5? 
192@-51_______’ 1.24 I 19.66 

wet seasons in southern 
dry sensons of 1912-13 
from this count, because 
traced to their origin with the 
maps, are seen to be a result of the mestwarcl estension 
of interior LOWS, and therefore are ritins from LOWS t.hat 
did not come off the Ptwific. Ocean. Consequent.ly, when 
we c.onsider only the aippreciable summer rains at  San 
Diego clue to LOWS t.liat, came in from the Pacific. there 
are 19 sen son,^ out qf SO that preceded mueraye to ,wet 8euson.s 
i i i  southern CaZgortiia, indicating a 95 per cent probn- 
hility of similar occurrences for the future. The only 
regrettable fact is the infrequency with which these 
” average ” summer rains oc,cur. 
TABLE 3.-satb Diego sicintiter rains i n  relalion to the ensuing ruing 

season i n  solitkern California 

_ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ r _  13.li5 : 5.i3 _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  19. BO I 10.11 _ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  13.50 ’ 9.66 9.49 
19. (16 12. W IS. &Y 10.4i 14. iti 
15.k2 12.74 1 7 . U  . 11.7R 15.85 
16.61 15.14 19.88 i 14.68 19.W 
51.P5 15.31 ?3.17 10.65 I9.CR 
14.4; 1?.0? 17.36’ 10.23 14.46 
7.M 7.1tI 1l.W 5.8 8. 11 
14.!Ii 9. 11 13.79 , 10. 13 1O.B 
15.62 12.W 18.‘28 I 9.00 13.M 
25.50 1:I.i6 j 27.75 i 1S.G 17..51 

-. - 

-- 

Season 

Seasonal rninhll at- ann I 
Diego -I--- I I 

summer h a  Red- Rirer- SnnRer-! San 

r o ~ ~ , ~  (normal %E2 (normal (normd (normd (normal 
1 lands 1 side 1 nardino ’ Dhgo 

15.ij5”j 14.55”) 10.74”) 16.W”) I 9.7G”) 

In  this connection, as with the results froni niy con- 
sideration of Sant,a Bnrbfirai rnins, it. should he stated 
that this high probability by no niems inilicat,es tlittt we 
can forecast in general the seasonal rainfall froni the 
summer rsinfa.11. If the sunimer is “ dry,” it  hns no sig- 
nifioance whatever in relii.t,ion to the ensuing season’s 
rainfall, for ninny wet seasons lmve followeil nlniost rnin- 
less suminers. But when the 2ivera.ge to heavy summer 
rains do come, then the high prohabilit,y above shown 
qqdies. I 

On examining the seasons shove cliscusserl, I find that 
nesrly all of them hnrl the South Pacific LOWS of Serteni- 
ber or October. When they have both the LOWS and the 
rains, the wetness of the coming rainy se:rson is further 
assured. 

DISCUSSION 

By A. J. HENRY 

The two articles immediately preceding deal with n 
question of great scientific and economic importance. 

Blochnian presents statist,ical evidence of the tendency 
of the weather to persist for a time in the same senso, nn 
idea that has been discussed for some years in Europe. 
Von Hann in his Lehrbucli, third edition, refers to it 
under the caption “Die Erlialtungst.endeiiz der Witter- 
ungstypen.”’ Others have alluded to it in connection 
with s e a s o d  forecasting and onlv very recently Weiso 
has corn utecl the correlation coefficients between p i r s  
of mont I: s, January-February, March-April, et.c., for the 
-_ .- . . . . - 

1 Lrllrlmch alrr Metcorologie dritte auflngo scite 629. See also Oeorgil, a’alrer: Wet- 
tcrvorhrrsnge. Dresden, 193. 

165-year tem ernture record for Ler~ingrad,~ first for the 

finally for each of the five 30-year periods. %he signifi- 
cant result is reached that the coefficients for correspond- 
ing pairs of months in some of the 30-year periods differ 
very materially from each other, whereas in t,he longer 
periods the coefficients are fairly uniform as between the 
several parts of the record. 

Doctor McEwen utilizes ocean surftlce temperatures 
a.long the coast of sout,hern California as an index to the 

ressiire over the nort.heast Pacific and endeavors to ,pass 
from ocean ressures to the rains in a limited section of 
southeim C af ifornia six months later. The rather striking 
thing about this purely empirical method is that it gives 
the correct sign of the rainfall departure in ei ht  out of 

not indicated so closely. 
Doctor MoEwen in attempting to set forth his con- 

ception of the hysioal relations involved in the produc- 

of the difficulty of coordinating the very few facts at  hand, 
and he therefore makes certain basic assumptions, some 
of which, in the view of the present writer may not be 
in accord with theory and experience. It is a question, 
indeed, whether scientific research of the present day is 
sufficiently well organized and equipped to cope with the 
truly great problem of seasonal weather forecastinpi, in; 
volving as it does the entire atmosphere of the gobe 
For more than 50 years meteorologists have been ob- 
serving and chartin the paths of anticyclones and 

beyond the observinw stage, for ver little is yet Known 

the source of their maintenance as they travel over the 
face of the globe. 

Out of the fifty-odd years of study have come the facts 
that cyclones with their attendant rain and cloud seem- 
ingly prefer to remain over the oceans in winter rather 
than pass on to the continents: also that their fullest 
developnient takes place over the oceans rather than the 
land. 

It, is also generally recognized that low surface temper- 
atures over the land in winter, the presence of anti- 
cyclonic wind systems and perhaps still other causes, not 
yet clearly rcco ized, obstruct the free movement of 

reasons why cyclones conlin from the Pacific tend to 
incline toward the Gulf of nB esico m d  to enter the con- 
tinent below 45’ north latitude in some winters and not in 
others. 

The rainfall in California is conditioned upon the pres- 
sure distribution over the Pacific to the west and also 
over the Great Basin and plateau region of western 
United States. In winter what may be called the North 
Pacific statistical antic clone is at minimum, and 
coincidently therewith t K e statistical anticyclone of &.e 
Great. Basin is at a maximum. While the intensit of the 
latter by reason of being over the continent can%e pre- 
cisely delinlited each wmter? its oceanic counterpart is 
practically unknown. 

It seems reasonable to endeavor to connect, as Doctor 
McEwen has attempted to do, the North Pacific statis- 
tical anticyclone with t.he weather in the United States. 
The descriptive term “statistical” is used to  connote a 
pressure formation that is based u on the avera e 
sures over a period longer than 24 ?I ours, general 7 y Y- or a 
month. 

record as a w R ole, then for the t h e e  50-year eriods and 

nine cases, although the absolute amounts o P rain are 

tion of wet an c f  dry years in California, is fully conscious 

cyclones; yet in all t f ‘s time they have scarcely assed 

of the precise methog of origin of t T lese formations and 

cyclones especial f” y over the land. These are some of the 

2 Met. Zeit. 42: 217-225. Wiese 1%’. studlcn uber die Erhaltqnbptendenr der mittloren 
monatUchm Tempersturanomalien. 


